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A high power current
transistor

pulse generator

using an insulated-gate

bipolar

Kijun Parka) and Jin J. Kimb)
Center for Research and Education in Optics and Lasers (CREOL), University of Central Florida, Orlando,
Florida 32816-2700

(Received 21 March 1994; accepted for publication 27 February 1995)
A simple and reliable high power current pulse generator using a commercially available insulated
gate bipolar transistor has been designed and constructed. This device generates current pulses up
to 650 A at up to 990 V with the pulse length adjustable over 0.6 ~-1
ms with a rise time ~0.5
p.s. 0 1995 American Institute of Physics.

A number of pulse power applications require pulses of
adjustable width >l ,us at a kilovolt range with a current of
a few hundred amperes. For example, square current pulses
of 100-400 A at several hundred volts (-2 kV/cm) are necessary for pumping far-infrared semiconductor lasers whose
impedance is less than an ohm during pumping the lasers.’ It
is also required to generate current pulses of rise time faster
than 1 ,us with adjustable pulse width (l-10 p) at low repetition rate (C50 Hz) to operate the lasers under optimum
conditions. In this note we describe a simple and reliable
high power current pulse generator using an insulated-gate
bipolar transistor (IGBT) which is used for our far-infrared
semiconductor laser. LC pulse forming circuits or usual capacitor discharging circuits are not suitable for pumping such
a laser because the pulses generated by them are not very
easy to adjust for laser pumping and the long oscillating tail
of the current pulse due to an impedance mismatch contributes to heating the sample, thereby reducing the efficiency of
the laser.? The pulse generator can be readily constructed in a
research laboratory at low cost. This device can be scaled up
by using higher rated IGBTs or by connecting multiple IGBTs to generate higher power pulses than that described in
this note.a-5 Although the pulse generator is exclusively used
for laser pumping in our work, such a device should be useful for other applications.
To meet the requirements of laser pumping with active
power devices, we chose an IGBT as the switching element.6F7 The IGBT (Ql) (Fuji Electric, IGBT model
lMBI300L120) is used as a high side switch between the
load and the charging capacitor (Cl) as shown schematically
in Fig. 1. The use of an IGBT significantly simplifies the
design and construction of the circuit since it is a voltage
controlled device. The IGBT is a monolithic cascaded BiMOS in which a pnp bipolar transistor and a power MOSFET are Darlington-connected to achieve a high input impedance. The gate driving voltage should be less than 20 V
to avoid a gate breakdown as specified by the manufacturer.
To further simplify the circuit design we used a hybrid IGBT
driver (Ul) (Fuji Electric, model EXB841). The driver requires an isolated 20 V power supply to generate +15 and
-5 V gate driving voltage pulses. These pulses are produced
“)Also at the Department of Electrica and Computer Engineering.
b)Also at the Departments of Physics and Electrical and Computer Engineering.
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by a built-in circuit within the driver. The isolated 20 V
power supply (P.S. 2) is made of a separate transformer and
rectifier ICs. The hybrid driver is directly connected to a
programmable delay generator (Stanford Research Systems,
model DG53.5). The input of the driver (pins 14 and 1.5) is
isolated by a built-in high-speed photocoupler. It also has an
overcurrent protection circuit which is useful when the IGBT
is operated at its maximum current rating. The overcurrent
detectionoutput (pins 4 and 5) of the driver is not used in our
application.
A 200 PF capacitor (Cl) is charged by using an external
dc power supply (KEPCO, BHK-1000-0.2 M) through a current limiting resistor (Rl). The IGBT (Ql) used in the circuit
has a specified maximum voltage of 1200 V. The continuous
current is 300 A as specified by the manufacturer. We operated the IGBT in the range of O-1000 V depending on the
desired voltage level. Limiting the operating voltage to 1000
V also helps avoid an IGBT breakdown due to switching
surge voltages induced in the main circuit by a changing
collector current at turn-off. To generate a current pulse, an
external voltage pulse (+4 V) from the delay generator is
applied to the input of the hybrid IGBT driver. Shortening
and twisting of the gate wires reduce the driver-to-gate circuit inductance.4 When the input voltage is high (+4 V), the
driver produces + 15 V to the IGBT gate, thereby turning on
the IGBT, and the capacitor (Cl) is discharged to the load
through a 0.5 fi current limiting resistor (R2). The current is
shut off when a negative voltage (-5 V) is applied to the
IGBT gate, which is achieved when the input voltage to the
hybrid driver becomes low (0 V). Therefore the pulse length
of the current can be readily adjusted by varying the length
of the delay pulse to the hybrid IGBT driver. We have tested
this pulser up to 650 A at 990 V with a 2 ccs pulse width at
the repetition rate of 50 Hz. The rated peak current for a 1 ms
long pulse is 600 A.”
When the IGBT is turned off, a switching voltage is
induced in the main circuit due to a stray inductance. Therefore minimizing the circuit inductance is important. The capacitor (C2) and the diode (D2)-resistor (R3) connected in
parallel across the IGBT collector to emitter form an overvoltage protection snubber circuit for the IGBT. Also, a
metal oxide varistor (Vl) is connected in parallel for additional protection from overvoltage spikes. Zener diodes
(D4,5) are connected to the IGBT gate and emitter for protection from overvoltages. Although our application is lim-
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FIG. 1. The circuit for the current pulse generator using-an IGBT module and a hybrid IGBT driver.

ited to low duty cycles (<lo p pulse duration at <50 Hz),
this device can be operated at much higher repetition rates by
adding a large capacitor and a high current power supply.
The current pulses generated by the device with a Gadoped p-Ge load (3.9X4.9X 15.5 mm3) at 11 K are shown in
Fig. 2. These pulses were applied in the 3.9 m m direction
through ohmic contacts on the 4.9 mmX15.5 m m .sides.
Trace A shows the shortest pulse generated by the circuit
which is the same as the delay generator pulse length (0.6
,os). Trace B is generated by a 1.0 p pulse from the delay
generator. The rise times (lo%-90%) of the two current
pulsesare 0.27 and 0.45 ,us, respectively. The width of each
pulse is slightly larger than that of the input pulse owing to
the delays of the driver and IGBT switching. The tails of the
current pulses shown in the figure are attributed to the induction of the main circuit and the IGBT turn-off delay. W e note
that the voltage slightly decreasesduring the pulse. W e be-
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FIG. 2. Current (top) and voltage (bottom) pulses generated by the device
with a p-Ge load at 11 K. Trace-A shows a minimum pulse width of 0.6 ,&
generatedby the circuit at the input of the IGBT driver; trace B shows a 1.0
,us pulse width at the input of the IGBT driver.
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LIST OF PARiS

Cl
c2
C3 and C4
Dl
02
03
04 and D5
D6-

;:
Rl
R2
R3
R4
R5
R6
R7
R8
Ul

Vl

20

0

lieve that this is caused by the decreasing impedance of the
sample during the current pulse and the corresponding increase in voltage drop across the 0.5 Q resistor (Rl) connected in serieswith the 200 ,uF capacitor.
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200 pF, 2000 V
b.003- jzF .MICA, 2000 V
47 PF, 33 V
P600M, 1000 V, 6 A
FF1510, fast recovery type, 1000 V, I,,,=30
A
ERA34-10, fast recovery type, 1000 V, 1 A
16 V Zener
MUR8100, ultrafast recovery type, 1000 V,
I FsM=lOO A
IGBT, lMBI3OOL-120, 1200 V, 300 A
2N2222A
10 kfi, 5 W
0.5 n; 10 w
50 cl, 5 w

100 a, 5 w
0.01 1R, 10 w
3.3 i-l, 0.5 w
470 a, 0.5 w

100 n, 0.5 w
EXB841, high-speed IGBT driver
V660LAlOOB, MOV
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